The electrophoretic mobility of RNA fragments derived from the 3'-end of 16s rRNA on slabs of polyacrylamide gel in the presence of urea is strongly influenced by dimethylation of the Ng-aminogroup of two adjacent adenosines. This is not due to the presence of the methylgroups per se, but must be ascribed to an effect of methylation on long range intramolecular interactions at these denaturing conditions. When it is assumed that the electrophoretic mobilities of the RNA fragments in the polyacrylamide matrix are determined by the conformational state(s) of the fragments, dimethylation of the adenosines leads in the smaller fragments to a less compact average conformation and in the larger fragments to a more compact average conformation. An effort is made to comprehend the effects of adenosine dimethylation in terms of secondary structure based on nucleotide sequence.
INTRODUCTION
The 3'-end of 16S RNA of the small ribosomal subunit has been assigned a very important functional role in protein synthesis (reviewed by Steitz (1)). A characteristic feature of this end of the RNA from a great variety of organisms is the occurrence of the modified sequence m Apm A at approximately the same distance from the 3'-terminus. The sequences of the 3'-terminal nucleotides suggest that the dimethylated adenines are located in the loops of hairpins (2) , and in the case of Esaherichia coli. it was shown by high-resolution NMR spectroscopy that this hairpin is present in a 49 nucleotide fragment derived from the 3'-end (3) . The sequence and secondary structure of this fragment is shown in Fig. 1 .
Helser et al. (4) isolated a kasugamycin resistant mutant of Esckeri.ch.ia
ooti and showed that its 16S rRNA specifically lacks dimethylation of the adjacent adenosines at the 3'-end. This mutant has been used recently in our laboratory to study the possible function of the methylgroups (5) (6) (7) (8) .
Since it is known from studies with synthetic m Apm A (9,10) that methylation has a very significant influence on the stacking properties of the adenosines, it is important to know, how this modification influences local RNA structure in the ribosome and how this is correlated with function. This paper describes some results that indicate that dimethylation of the adenosines influences the formation of a hairpin helix in which the modified nucleotides are part of the loop.
MATERIALS ANILMETHODS
Materials. E. coZi strain PR and its kasugamycin resistant derivative TPR201 were kindly provided by Dr. J.E. Davies (Univ. of Wisconsin, Madison, U.S.A.). Highly purified methylase was a gift of Dr. B. Poldermans. Dr. F.K.
De Graaf generously provided cloacin. The following were commercial products: 32 Cy-P)ATP (Amersham, U.K.), T -polynucleotide kinase (Boehringer-Mannheim 3 Biochemicals) , and (methyl-H)AdoMet (Sigma).
Isolation of the cloacin fragments.
Ribosomes from PR and TPR201 were isolated according to standard procedures (11) . Mutant 70S ribosomes were incubated in 10 mM Tris-HCl pH 7.6, 60 mM NH Cl, 2 mM Mg(OAc) , 6 mM 2-mercaptoethanol in the presence or absence of AdoMet and methylase for 30 min at 37 C. In the first case a small amount of (methyl-H)AdoMet was included as a marker. After the incubation the Mg concentration was adjusted to 10 mM, whereafter the procedure of Baan et al. (12) to isolate the cloacin fragment was followed.
S'-End labelling of the cloacin fragments. One A unit of the 49 nucleotide fragment was labelled at the 5'-end with (>-3 P)ATP (50 yCi, 3000
Ci/mmol) and polynucleotide kinase, using a slight modification of the procedure described in (13) . The labelled fragments were purified by electrophoresis on a (40 x 20 x 0.15 cm ) polyacrylamide (20%) slab gel in 7 M urea containing 50 mM Tris-borate pH 8.3 and 2 mM Na EDTA. The electrophoresis buffer was not recirculated and the gel was not cooled. The electrophoresis was allowed to run until the bromophenol blue marker had advanced 30 cm in the gel. The RNA bands were localised by autoradiography and were recovered by elution with NaCl and precipitated with ethanol. The 5'-labelled fragments were stored under ethanol until required.
Limited alkaline hydrolysis of the oloaoin fragments. Aliquots of 5'-
labelled RNA (ca 300.000 counts/mini were dried under vacuum and suspended in 20 pi buffer containing 50 mM NaHCO /Na CO pH 9.0, 1 mM Na EDTA. After adding 5 Mg tRNA carrier the mixture was incubated at 90 C for 10 min, whereafter 20 yl 100% formamide containing 0.05% bromophenol blue and 0.05% xyleen cyanol FF was added. The samples were applied to a 20% polyacrylamide slab gel containing a urea concentration as indicated.
RESULTS
The specific cleavage of 16S ribosomal RNA in the 30S particle by the bacteriocins colicin and cloacin (14) enables one to isolate a fragment of 49 nucleotides from the 3'-end. In this study this was done for wild-type The differences in mobility between the two 49 nucleotide fragments are only observed at urea concentrations of 6 M and higher when electrophoresed at room temperature. When the temperature is elevated to 60°C these differences disappear. Also at normal, non-denaturing, buffer conditions or in the presence of the extremely denaturing agent formamide, no difference in mobility is observed (results not shown).
Electrophoresis in 7 M urea of partial alkaline digests of the fragments was done in order to find out whether the greater mobility of the methylated 49 nucleotide fragment was due to some inherent property of the methylated adenosines. If this were the case the maximal effect would be expected on the mobilities of fragments, labelled at the 5'-end, spanning 25 and 26 nucleotides. As Figure 4 shows that the mobilities of oligonucleotides which Close inspection of the band pattern in Figure 4 shows that differences in mobility emerge for fragments of more than 27 nucleotides in length. However, although the methylated 49 nucleotide fragment has a higher mobility than the unmethylated fragment, this order is reversed for fragments of 27 nucleotides or more in length. This difference persists up till oligonucleotide no. 37 whereafter the mutant fragment is slowed down in migration relative to the wild-type. (15) . In the case of nucleic acids the effect of secondary and/or tertiary structure on the mobility in gel electrophoresis in the presence of urea has been demonstrated (16) . Compressions in the band pattern was explained by assuming the persistence of secondary structure in fragments from a small RNA. Many times, when addition of nucleotides had little effect on the mobility this could be correlated with the theoretical possibility of creating hairpins by addition of these nucleotides. Also in our case, as we will discuss below, this could be very well the basis of the differences in the observed mobilities. However, it is probably more appropriate, to consider each oligonucleotide at these denaturing conditions, as being composed of a mixture of rapidly equilibrating conformations of different compactness.
The electrophoretic mobility will then be determined by the "average" com-pactness of the conformations, a factor that will be dominated by those conformations that have the lowest free energy content and hence the longest life-time.
In order to explain our findings in terms of secondary structure, we have examined which of all theoretically possible base-pairing interactions are excluded by methylation of adenines 25 and 26. would lead to structures that are less compact than the one shown in Figure   1 , they would have the net-effect of retarding the fragment. In summary then, our data are consistent with the idea that dimethylation of the adenosines, either directly or indirectly (by preventing formation of a Watson-Crick base-pair with Uracll) influences the formation of the hairpin loop as shown in Figure 1 . Other studies (in preparation), using optical melting techniques seem to point in the same direction. It remains to be seen whether the functional differences between mutant and wild-type ribosomes, including the resistance towards kasugamycin, is caused by a local conformational effect.
